Background: Despite considerable efforts to address practical barriers, colorectal cancer screening numbers are often low. People do not always act rationally, and investigating emotions may offer insight into the avoidance of screening. The current work assessed whether fear, embarrassment, and disgust predicted colorectal cancer screening avoidance. Methods: A community sample (N = 306) aged 45+ completed a questionnaire assessing colorectal cancer screening history and the extent that perceptions of cancer risk, colorectal cancer knowledge, doctor discussions, and a specifically developed scale, the Emotional Barriers to Bowel Screening (EBBS), were associated with previous screening behaviours and anticipated bowel health decision-making.
Background
Colorectal cancer (CRC) is the third most common cancer worldwide and the fourth leading cause of cancer-related deaths [1] . CRC screening has been shown to reduce incidence and mortality through the early identification of cancer and high risk polyps [2] . In recent years, many organised population-based screening programmes have been implemented or are being progressively rolled out across regions [3] . Screening guidelines vary but generally concur insofar as they suggest that organised programmes should utilise a combination of annual/bi-annual testing for blood in the stool (e.g., FOBT) and less frequent bowel scope screening (e. g., colonoscopy) from the age of approximately 50 in average risk persons [4, 5] . Considerable efforts have been directed towards facilitating uptake of such screening. A systematic review of interventions aimed at increasing access to screening suggest a global focus on reducing structural barriers to screening tests including driving mobile units to worksites and communities, reducing administrative demands, and offering screenings at subsidised rates or for no charge [6] . However, despite established benefits, even when screenings are free and accessible, many people continue to avoid them [7] . Participation in CRC screening programmes varies widely and a recent review of international uptake for organised screening programmes reported that participation ranged from 7 to 68% [8] . A parallel line of study has evaluated how emotions-based research may increase understanding of why people reject medical investigations they ought to attend [9] . Below, we continue in this endeavour, presenting a report investigating possible emotional (fear, embarrassment, and disgust) barriers to colorectal cancer (CRC) screening where, despite the benefits of early detection [10] , screening rates are low.
There are strong reasons to suspect that the avoidancepromoting emotions of fear, embarrassment, and the lessstudied disgust may act as barriers to CRC screening. In the evolutionary view, fear, embarrassment, and disgust are all emotions that specifically evolved to promote avoidance. Functionally, fear reduces danger by urging us to flee [9] , embarrassment reduces the threat of exclusion by forestalling social norm violation [11] , and disgust promotes health by motivating the avoidance of potential contaminants [12] . Prima facie, most CRC screenings and medical investigations involve exposure to the elicitors of all three of these feelings. Colonoscopies, for example, involve inserting apparatus into the anus and may involve pain and the threat of a cancer diagnosis (fear), the display of private body parts (embarrassment), and exposure to potential contaminants like faeces (disgust).
Fear and embarrassment have received some empirical attention in prior CRC work; fear of a cancer diagnosis [13, 14] and embarrassment from intimacy [15] , especially where the physician is of a different gender [15] , predict lower CRC screening. While disgust has been mostly overlooked, there are a few recent studies implying disgust-generated avoidance in CRC screening [12, 16, 17] . However, while studies of fear, embarrassment and disgust are developing, individual studies have typically focussed on single avoidance-promoting emotions in isolation without considering multiple emotions concurrently. This is problematic as the prospect of an anal investigation might simultaneously make a person embarrassed, fearful, and disgusted; given that the emotions reliably co-vary, measuring only one emotion may obscure the "active" emotional ingredient(s). Thus, the primary aim of this study was to investigate which of these three emotions-all of which evolved to promote avoidance-predicted CRC screening behaviours and decisions and whether one emotion might be a more salient predictor in this context.
A secondary objective of this work was to examine whether these three emotions arise with respect to specific types of CRC stimuli or tests. All emotions arise in response to specific stimuli [15, 18] , with screening unlikely to be an exception. Colorectal cancer investigations typically involve differential exposure to the known elicitors of fear (e.g., of a possible cancer diagnosis), embarrassment (e.g., bodily exposure) and disgust (e.g., insertions, exposure to contaminants), suggesting different emotions may be relevant to different aspects of screening. Identifying specific avoidance-promoting emotions in colorectal cancer screening contexts may thus help identify the specific elements of the various screens that people are actually avoiding.
The avoidance-promoting emotions of fear, embarrassment, and disgust have intuitive links to CRC screening. However, disgust remains understudied and these three emotions have typically been examined in isolation from one another. The current report assessed the extent to which fear, embarrassment, and disgust predicted avoidance, over and above known confounds, in contexts related to CRC screening.
Methods
People aged 45+ years and fluent in English were invited to take part in a study on "Emotions and Human Behaviour". Convenience sampling was used to recruit participants using a combination of flyers posted on university and hospital notice boards, workplace emails, a letterbox drop, and an advertisement in a community newspaper. Participants were offered a $10 petrol voucher as remuneration. People who were non-English speaking and aged less than 45 years were excluded from the study.
Measures

Demographic and medical factors
Demographic data together with information regarding whether participants had a regular doctor, and whether a doctor had ever discussed their risk or family history of bowel cancer were gathered.
CRC screening knowledge
A measure developed to assess knowledge about the United Kingdom CRC screening programme [19] was adapted for local relevance. Participants rate 12 statements related to bowel symptoms and screening as true or false indicators. Correct answers are scored as 1 and items summed to give a total.
Perceptions of CRC risk
Participants were asked whether they believed their risk of bowel cancer was 'lower' , 'about the same' , or 'higher' than other men/women their own age as originally used by Weinstein [20] . For the purposes of multivariate analyses, dummy codes were created for lower than average risk (yes =1, no = 0) and higher than average risk (yes =1, no = 0).
Disgust propensity and sensitivity-revised scale [DPSS-R; [21]]
The DPSS-R is a 12-item scale measuring propensity (how easily one is disgusted) and sensitivity (how unpleasant someone finds the disgust experience). Previous work has shown the DPSS-R to be valid and reliable and a predictor of health-related avoidance [21, 22] . Internal reliabilities in this sample were good (sensitivity α = .78; propensity α =.80).
Disgust sensitivity-revised scale [DS-R; [23]]
Whereas the DPSS-R assesses propensity and sensitivity of disgust, the DS-R discriminates between different types of disgust elicitors -namely animal-reminder, contamination, and core disgust. The 27-item measure asks participants to rate from 0 to 4 how disgusting they find a variety of experiences and calculates mean scores for three subscales (animal-reminder, contamination, and core); higher scores indicate greater disgust sensitivity for each of these sources. The DS-R has good internal consistency and validity [24] [25] [26] , and predicts disgust-generated avoidance in experimental work investigating avoidance in colorectal cancer contexts [25, 27, 28] . Internal consistency was adequate in the current study; core α =.79, animal-reminder α =.73, contamination α =.66.
Differential emotions scale [DES; [29]]
The DES is a 30-item scale containing three items for each of 10 trait emotions. Using a 1 to 5 scale, participants rate the frequency with which they experience each emotion in their daily life. Mean scores for each subscale provide a score for individual emotions, with higher scores indicating more frequent experiences of that emotion. The disgust, fear, and shame subscales of the DES have been associated with CRC embarrassment [15] . Internal reliability for these subscales were adequate (shame α = .76, fear α = .88, disgust α = .70).
Emotional barriers to bowel screening (EBBS)
Given the absence of a measure to specifically assess multiple emotional barriers to CRC screening, a scale was developed for the study. Development of the EBBS was based on theory suggesting that emotions of fear, embarrassment, and disgust were of greatest relevance [15, 30] . Twenty items, each assessing one specific emotional barrier to CRC screening were developed by an experienced team of clinicians, psychologists, and researchers. Participants rate between 1 and 5 the extent to which they experience each emotion: 'faecal' disgust (generated by faecal exposure); insertion disgust (elicited by insertion of objects into the anus); embarrassment (related to the social context of screening); and fear of a negative outcome (worries about the potential for a cancer diagnosis). Earlier presentation of preliminary findings using the EBBS led to it being used in another study which suggested the EBBS may be unidimensional [31] . However, confirmatory factor analysis in the current sample using Maximum Likelihood extraction and Direct Oblimin rotation revealed four components with eigenvalues over .70. These components were retained as recommended by Jolliffe [32] . Five items were culled because they co-loaded on to more than one factor and/or had loadings which were less than 0.5. The 15 remaining items all loaded in a coherent way on to their respective factors (see Table 1 ) and multicollinearity was within acceptable levels. The overall model fit was significant χ 2 (20) = 399.48, p = .000. Mean scores were calculated for each subscale. Scales had good reliability; faecal disgust (α = .90), insertion disgust (α = .94), fear of outcome (α = .84), and embarrassment (α = .89).
Hypothetical medical help seeking
To investigate the possible role of discrete emotional barriers to bowel screening, participants were asked to imagine a scenario where they had been feeling unwell with symptoms for 5 days, with diarrhoea and a dull stomach pain and possibly blood in their stool. The scenario required a decision on making an appointment, knowing that collection of a faecal sample (a disgust elicitor) would be required prior to attendance. Participants were given the option to 'call and make an appointment today' (coded 0) or 'wait another few days' (coded 1).
Bowel screening history
Participants indicated whether they had ever provided a faecal sample for testing. They also indicated whether they had an invasive bowel screening investigation (i.e., colonoscopy, sigmoidoscopy or CT colonography) in the past 5 years. All responses were coded as no = 0 and yes = 1. The sum of the number of reported invasive bowel screening tests was used to create a composite score. As might be expected, data were skewed, hence participants were categorised as having had an invasive bowel screening test or not in the past 5 years.
Analyses
Statistical analyses began by assessing the concurrent and discriminant validity of the EBBS subscales. Next, relationships among the measures of emotion using Pearson's correlations were assessed using Bonferroni adjusted alpha levels of .001 per test (.05/38). Relationships between emotion measures and screening outcomes were conducted using Spearman's rho (outcome variables were all non-normally distributed). Next, to investigate whether fear of outcome, embarrassment, or disgust predicted screening, a series of step-wise logistic regression models were run assessing whether participants a) chose to delay or not in the medical helpseeking scenario, b) had ever provided a faecal sample, and c) had an invasive bowel screening test in the past 5 years. Given the importance of age to the frequency of medical investigation and the known gender differences in bowel screening uptake [15] , age and sex were entered as potential confounds at Step 1, as were other variables previously shown to predict screening including subjective risk and whether participants had discussed bowel cancer risk with a doctor [33] . At Step 2, the four EBBS subscales were entered.
Results
The questionnaire was completed by 306 people (Table 2) with the majority of data (84%; n = 257) collected over twelve months (Nov 2011 to Nov 2012). A further 48 participants completed their questionnaires sixteen months later over 2 days in March 2014 following a newspaper interview with one of the study researchers.
Participants were offered the opportunity to complete the questionnaire either online or in written form; the majority chose the online format (88.2%, n = 269) which was accessed through either an electronic link (i.e., emails, online newspaper article) or the URL specified in print format (i.e., flyers, newspaper advertisement). Of the 298 people who commenced the online survey, 90. 3% (n = 269) completed the questionnaire. One person was excluded from analyses because of a prior diagnosis of CRC. Ages ranged between 45 and 88 years (median = 55 years) with the majority being female (77%).
As is common, measures of emotion were correlated (Table 3) . However, greater discrimination was revealed when we examined associations between emotions and the CRC screening variables. Consistent with theory suggesting that emotions related to specific screening elicitors would be better predictors than general dispositions [15, 18] , EBBS subscales were more consistently and more strongly associated with self-reported bowel health outcomes than the more general measures of emotion (i.e., the DS-R, DPSS-R, and the DES subscales; see Table 4 ). Given the relative strength of these links, multivariate analyses proceeded with the EBBS subscales alone.
In the first model, the predictors of medical helpseeking in the hypothetical presence of bowel symptoms were assessed. Whilst the model was not significant at Step 1, χ 2 (2, N = 303) = 10.71, p = .098, it was significant with the addition of the EBBS subscales at Step 2, χ 2 = 57.88, p = .000 (Table 5 ) and explained 24.3% of the variance in delays to help seeking (Nagelkerke R 2 ). Having ever had a discussion with a doctor about colorectal cancer risk predicted lower odds of delaying medical help-seeking (Wald = 4.45, p = .035), whereas greater CRC screening knowledge predicted a greater likelihood of deciding to 'wait another few days' before making an appointment (Wald = 3.98, p = .046). Greater fear of a negative outcome predicted greater likelihood of delay (Wald = 6.29, p = .012), and screening embarrassment showed a trend in the same direction (Wald = 3.28, p = .070).
Next, the predictors of reporting having previously provided a faecal sample were assessed. This model was significant at Step 1 χ 2 (6, N = 304) = 34.35, p = .000 and explained 14.3% (Nagelkerke R 2 )of the variance in having ever provided a faecal sample; older age (Wald = 12.01, p = .001) and physician discussion (Wald = 8.08, p = .004) predicted a greater likelihood of having given a sample whereas, perceptions of low colorectal cancer risk were associated with a lower likelihood (Wald = 4.44, p = .035). The model was strengthened at Step 2 with the entry of the EBBS subscales, χ 2 = 44.97, p = .000 and explained 18. 5% of the variance (Nagelkerke R 2 ). Having discussed risk with a doctor (Wald = 6.85, p = .009), older age (Wald = 9. 35, p = .002), and greater embarrassment (Wald = 0.49, p = .017) predicted a greater likelihood of having provided a sample, whereas perceptions of lower risk (Wald = 4.29, p = .038) predicted, and greater insertion disgust (Wald = 3.28, p = .070) marginally predicted, a lower likelihood.
Finally, the predictors of reporting having had an invasive bowel investigation in the past 5 years were assessed. This model was significant at Step 1, χ 2 (6, N = 304) = 95.32, p = .000 and explained 38.2% (Nagelkerke R 2 ) of the variance; older age (Wald = 13.66, p =.000) , having discussed screening with a doctor (Wald = 38. 27, p = .000), and greater CRC knowledge (Wald = 4.15, p = .042), predicted a greater likelihood of reporting a prior investigation. The model was strengthened at
Step 2, with the EBBS subscales χ 2 = 107.22, p = .000 and explained 42.2% of the variance. Greater insertion disgust predicted a lower likelihood of reporting an invasive bowel screening test in the past 5 years (Wald = 8.09, p = .004). Older age (Wald = 9.90, p = .002) and having discussed risk with a doctor continued to predict greater likelihood (Wald = 33.96, p = .000), while CRC knowledge was no longer significant at this second step.
Discussion
Participation rates of CRC screening programmes fall consistently below recommended levels and people delay presenting to medical care with bowel symptoms [34] ; results of this research suggest that alongside demographic and medical variables, emotions may also be a factor. Unsurprisingly, age, discussions with a doctor, and perceptions of bowel cancer risk predicted reports of prior screening and decisions about help-seeking in a hypothetical scenario. More to the point, the addition of emotions consistently increased the models' ability to predict delay or bowel screening avoidance. Greater fear of a detection of cancer predicted the decision to delay attending a doctor's clinic when confronted with suspicious bowel symptoms and greater insertion disgust predicted a lower likelihood of having had a prior bowel screening investigation. Interestingly, greater embarrassment was associated with a greater likelihood of reporting having provided a faecal sample in the past. Below, these findings are linked to prior work and discussed more fully, before the implications of these results for CRC screening programmes are considered. Our findings extend previous work that identified the role of faecal disgust as a barrier to bowel screening [31] by introducing the possibility that specific emotional responses might impact screening behaviours in different ways, and that the source of emotion is important. Our data imply that fear, embarrassment, and disgust all have a role to play in our understanding of CRC screening avoidance. In each analysis, emotional barriers regarding testing or screening predicted screening over and above medical and demographic factors. For example, fear of a negative outcome was associated with greater avoidance where people imagined taking a container of faeces to a doctor's clinic. Why it was this emotion rather than disgust in this scenario is unclear. Arguably, it might have been that the fear of a cancer diagnosis outweighed the potential disgust related to the collection of the faeces itself.
In contrast, when predicting prior CRC investigations, it was disgust related to anal insertions rather than to faecal exposure that best predicted avoidance. In some ways this finding is inconsistent with suggestions that faecal exposure is the central emotional impediment to bowel screening [35, 36] , although prior studies have not separated these two sources of disgust response. Hence, whilst we do not discount the relevance of faecal aversion (particularly to some forms of testing), it might be that measures of faecal aversion co-vary with insertion concerns, or that for some tests concerns about faeces "pale in comparison" to feelings regarding inserting medical apparatus into the anus. Depending on the particular CRC screen that is being targeted, campaigns that seek to normalise exposure to faeces might be boosted with messages aimed at minimising concerns about anal insertions.
Interestingly, the direction of relationships differed across emotions and variables. As noted above, insertion disgust predicted a lower likelihood of having provided a faecal sample (i.e., greater avoidance), whereas embarrassment predicted a greater likelihood of having provided a sample (presumably, less avoidance). Whilst the latter finding seems initially counterintuitive, this result is not without precedent. In one study, while faecal/ rectal embarrassment predicted a lower odds of a CRC screen, a more general embarrassment regarding examination intimacy predicted (albeit marginally) greater odds of a previous screen [15] . It might be that some forms of embarrassment are associated with greater negative affect or health anxiety, and it is this cluster of characteristics that makes a person more likely to screen (i.e., screening provides reassurance to those that worry). A further possibility is that the direction of the relationship between embarrassment and screening is the other way around-it is not that embarrassment predicts screening so much as previous exposure to faecal collection leads to a greater recognition of the embarrassment involved. Whilst evaluating these possibilities is beyond the scope of this work, our findings clearly reinforce the need to differentiate fear, disgust, and embarrassment in both measurement as well as their impact on cancer screening behaviours.
On the surface, identifying the 'practical' reasons for CRC screening non-attendance (access, transport etc.) should address impediments to screening. However, screening programmes have consistently struggled to recruit despite efforts to address these problems [7] . Data from this report suggest that emotions matter in CRC screening contexts. By understanding the specific emotions at play, messages and interventions can be tailored to address the most potent deterrents to screening behaviour. As noted, non-attendance due to fear of a diagnosis will require a different message than an intervention aimed at reducing avoidance due to disgust regarding the procedure itself [18] . Thus, interventions such as media campaigns, invitation letters, and communications from the staff who greet patients and carry out procedures could be tailored to address the particular emotional deterrents of fear, embarrassment, and disgust. Whilst, interventions that utilise such emotions have not been previously studied, recent research indicates that exposure to other emotions (i.e., anticipated regret) can increase CRC screening rates in people with low intentions to screen [17] .
Although this study makes a useful contribution to the literature by demonstrating the role of fear, embarrassment and disgust in CRC investigations, it is not without its limitations. First, the timeline of data collection creates the possibility of historical confounds influencing responses. To check for this, we ran alternative analyses excluding the 48 participants gathered in 2014, and results remained the same apart from the expected marginalisation due to loss of power on two of the measures. Over the research time period no bowel screening programmes were being offered (aside from a single pilot programme in one of the local health boards), and so, would have been relatively unknown at the time. We therefore did not ask about intentions to screen, however, future research would ideally include an intentionto-screen question. Due to the way participants were recruited we were unable to estimate a response rate which limits our ability to know the extent to which our results might be biased. We also did not collect data about education level and so have no way of knowing whether the sample represents the CRC screening population. What we do know is that our gender split (76% female / 24% male) is not representative and, given the differences between men and women in response to cancer screening [37] , this is a limitation of the work. The majority of our sample chose to complete the questionnaire online meaning we may have differentially accessed a more electronically-minded sample that does not necessarily reflect the population of people aged 45+. The study also employed a cross-sectional, retrospective design, and whilst emotions in this study predicted previous screening behaviours and responses to a hypothetical scenario, we cannot be sure whether precisely the same pattern would be found for future screens; there is certainly evidence for the inaccuracies in people's reporting of their past screening uptake [38] . Future research would benefit by prospectively evaluating dispositional and attitudinal factors prior to patients being offered CRC screening and might also more systematically consider the difference between anticipated versus actual emotion. Bowel screening procedures can be anticipated to be much worse than the actual experience [39] , and enquiry into the extent that such over-estimations in anticipated emotion influence future behaviours may be important.
Future research might also investigate the importance of ethnicity or race in analyses. Disparities in screening are well known [37, 40] and the populations with the poorest survival statistics typically have lower screening rates. The extent to which avoidance-promoting emotions play a greater or lesser role in these populations is an important question for future studies. It might also be that the language to describe these emotions might vary across populations. For instance, words like 'nasty' and 'gross' may not be the language of disgust across all groups. Research that identifies how communications and screening messages might be targeted to address emotional sensitivities has potential to increase screening among these at-risk groups.
Conclusions
This report suggests that continuing to base CRC screening communications on the assumption that people behave rationally risks ignoring the elephant in the room-people get frightened, embarrassed, and disgusted by screenings and cancer. By understanding the emotional substrates for avoidance behaviours in CRC screening, we can tap into another layer of motivation to inform screening development, communication, and outreach. Importantly, however, it is not simply that emotions per se matter but, rather, that particular emotions matter-namely fear, embarrassment, and disgust. Understanding how specific emotions may impact screening decisions and behaviour is an important direction for future work. 
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